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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
EL-006, Industrial Switchgear and Controlgear, to supersede AS/NZS 3947.4.3:2000.

The objective of this Standard is to state—

(a) the characteristics of semiconductor controllers and contactors and associated equipment;

(b) the conditions with which semiconductor controllers and contactors should comply with
reference to—
(i)  their operation and behaviour;
(i) their dielectric properties;
(iii) the degrees of protection provided by their enclosures, where applicable;
(iv) their construction;

(c) the tests intended for confirming that these conditions have been met, and the methods to be
adopted for these tests; and

(d) the information to be given with the equipment or in the manufacturer's literature.

This Standard is identical with, and has been reproduced from, IEC 60947-4-3, Ed. 2.0 (2014),
Low-voltage switchgear and controlgear, Part 4.3: Contactors and motor-starters—AC semiconductor
controllers and contactors for non-motor loads. This edition cancels and replaces the first edition
published in 1999, Amendment 1:2006 and Amendment 2:2011.

As this Standard is reproduced from an International Standard, the following applies:
(a)
(b)

References to International Standards should be replaced by references
Australian/New Zealand Standards, as follows:

In the source text ‘this part of [EC 60947 should read ‘this Australian/New Zealand Standard’.
A full point substitutes for a comma when referring to a decimal marker.

to Australian or

Reference to International Standard

IEC

61000 Electromagnetic compatibility
(EMC)

61000-4-5  Part 4-5: Testing and measurement
techniques—Surge immunity test

CISPR

11 Industrial, scientific and medical

equipment—Radio-frequency
disturbance characteristics—Limits
and methods of measurement
Amendment 1 (2010)

Australian/New Zealand Standard

AS/NZS

61000 Electromagnetic compatibility
(EMC)

61000-4-5 Part 4.5: Testing and measurement

techniques—Surge immunity test

AS/NZS CISPR

11 Industrial, scientific and medical
equipment—Radio-frequency
disturbance characteristics—Limits
and methods of measurement

Only normative references that have been adopted as Australian or Australian/New Zealand Standards
have been listed.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the annexes to which they apply. A ‘normative’ annex is an integral part of a Standard, whereas an
‘informative’ annex is only for information and guidance.



AS/NZS IEC 60947.4.3:2015 3

CONTENTS
RS TeTo] o1 PP
NOrmMative referenCeS ... ... e
Terms, definitions, symbols and abbreviations...........cccoooiiiiiiii
3.1 Terms and definitions concerning a.c. semiconductor (non-motor-load)
CONIIOl EVICES .. e
3.1.1 AC semiconductor controllers and contactors (solid-state
contactors) (see Figure 1) .. ..o
3.1.2 Hybrid controllers and contactors (see Figure 1)........ccoociiiiiiiniants
3.2 = 1= T o 1
3.3 Symbols and abbreviations ...
1A S ICAtION e e
Characteristics of a.c. semiconductor controllers and contactors ..............ccociiiiiiniann.
5.1 Summary of characteristiCs ........oiiuiiii
5.2 Type Of EQUIPMENT ...
5.3 Rated and limiting values for main CirCuits ............cooiiiiiiiii i
5.3.1 Rated voltages ...
5.3.2 @015 1= 0 £
5.3.3 Rated freqQUENCY . ...
5.3.4 Rated dUty . ..o
5.3.5 Normal load and overload characteristics ...........c.coooveiiiiiiiiinnne.
5.3.6 Rated conditional short-circuit current..............coo
5.4 UtiliZation CategOry .....ouiiiie e
5.4.1 Assignment of ratings based on the results of tests ........................
5.5 CoNtrol CIMCUITS ..o e
5.6 AUXITTAIY CIFCUITS .ot
5.7 NG AN e
5.8 Coordination with short-circuit protective devices (SCPD)........ccoeeoviiiiiiiinneenn.
Product information ...
6.1 Nature of iNformation ..o
6.2 =Y 4o o PP
6.3 Instructions for installation, operation and maintenance .............c...cccoocoiiiiiano.
Normal service, mounting and transport conditions...........c.cooiiiiii i
7.1 Normal service CoONAitiONS ... e
7.11 Ambient air temperature ...
7.1.2 AU oo
7.1.3 Atmospheric conditions..........ccooiiiiii i
7.1.4 Shock and vibrations ...
7.2 Conditions during transport and StOrage..........ccoveeiiiiiiiiin e
7.3 Y Lo U] o1 1o T [P
7.4 Electrical system disturbances and influences ..............ccoooiiiiiiiiiiiii i
Constructional and performance requirements.........c..coiiiii i
8.1 Constructional reqUIreMEeNts ..o

8.1.1 GENEIAL e



AS/NZS IEC 60947.4.3:2015 4

Page
8.1.2 Materials ... 29
8.1.3 Current-carrying parts and their connections ................cccoeiiinnnni. 29
8.1.4 Clearances and creepage distances ..........ccccoviiiiiiiiiiiiieceeee 29
8.1.5 AU O . 30
8.1.6 Indication of the contact position ............coooiiiiiiiii i 30
8.1.7 Additional requirements for equipment suitable for isolation............ 30
8.1.8 TermMiNalS ..o 30

8.1.9 Additional requirements for equipment provided with a neutral
o ] = 30
8.1.10 Provisions for protective earthing..........c...coooii 30
8.1.11 Enclosures for equipment .........ccooiiiiiiiiii 30
8.1.12 Degrees of protection of enclosed equipment ... 30
8.1.13 Conduit pull-out, torque and bending with metallic conduits ............ 30
8.2 Performance requUir€mMeENntS ... .....oouiiiii e 30
8.2.1 Operating conditionNS.........ooouiiiiii 30
8.2.2 TeMPErature MSE ..ou i e e 32
8.2.3 Dielectric properties . .. ..o 34
8.2.4 Normal load and overload performance requirements ..................... 35
8.2.5 Coordination with short-circuit protective devices ........................... 42
8.3 EMC reqUIr€mMeNnts ... e 42
8.3.1 GENEIAL .. 42
8.3.2 EMiSSiON . 43
8.3.3 I MUY L e 43
1S T 1= 1= £ P 45
9.1 QT g Lo E-J 0 (=153 = TP 45
9.1.1 GeNEIAl .o 45
9.1.2 T P S S it 45
9.1.3 RoUtINE 1SS e 45
9.1.4 SaMPliNG tESS ..uuiii i 45
9.1.5 SpeCial 1SS . e i 46
9.2 Compliance with constructional requirements.............oooiiiiii i 46
9.3 Compliance with performance requirements...........ccocoeiiiiiiiiii i, 46
9.3.1 TSt SEQUENCES ..onieie e 46
9.3.2 General test coNditioNS .......cc.iiiiiiiiii 47

9.3.3 Performance under no load, normal load and overload

CONAITIONS L. 47
9.34 Performance under short-circuit conditions ...l 54
9.3.5 DiISPONIDIE ..o 58
9.4 LY o =T Y 58
9.4.1 EMC emission teStS .....oiuiiiiii i 58
9.4.2 EMC immunity teStS ...iviiiiiiii 59
9.5 Routine and sampling tests .. ..o 61
9.5.1 GENEIAL .. 61
9.5.2 Operation and operating limits ... 61
9.5.3 DieleCtriCc tesStS .. 61
Annex A (normative) Marking and identification of terminals ...............c.oo 62
A.1 LT o1 = Y P 62
A.2 Marking and identification of terminals of controller and contactors.................. 62

A.2.1 Marking and identification of terminals of main circuits ................... 62



AS/NZS IEC 60947.4.3:2015 5

Page
A.2.2 Marking and identification of terminals of control circuits ................ 62
A.2.3 Marking and identification of auxiliary circuits ................c..cooiinill 62
Annex B (informative) Typical service conditions for controllers and contactors ................... 65
B.1 Control of resistive heating elements ..........c.cooiiiiiiiiii e, 65
B.2 Switching of electric discharge lamp controls ..o, 65
B.3 Switching of incandescent |amps .......coiiiiiii i 66
B.4 Switching of tranSfOrMErs. ..o 66
B.5 Switching of capacitor banks ... 66
N gL = QO =TT o | 67
ANNEX D VaCaNT .. 68
ANNEX E VaCaNt .o e 69
Annex F (informative) Operating capability.........ccoooiiiiiiiii e 70
N gL = C R = Vo= o | P 73
ANNEX H VA CaNt . e 74
Annex | (normative) Modified test circuit for short-circuit testing of semiconductor
CoNtactors and CONTIOIlErS ... e 75
Annex J (informative) Flowchart for constructing bypassed semiconductor controllers
L(ST] T PPN 77
L] o 10T =Y o1 2 172 PP 78
Figure 1 — Graphical possibilities of controllers ... 13
Figure 2 — Methods Of CONNECHING .. .uuiiiii e 21
Figure F.1 — Thermal stability test profile .........cccooiiiiii i, 70
Figure F.2 — Overload capability test profile ..., 71
Figure F.3 — Blocking and commutating capability test profile ..., 72
Figure 1.1 — Modified circuit for short-circuit testing of semiconductor devices....................... 75
Figure 1.2 — Time line for the short-circuit test of 9.3.4.1.6 ........ccooiiiiiiiiiiii e, 76
Table 1 — Functional possibilities of controllers and contactors ................cooooiiiiiinne. 14
Table 2 — Utilization Cat@goOries .. ..o e e 25
Table 3 — Relative 1evels Of SEVEIItY . ..o 25
Table 4 — Temperature rise limits for insulated coils in airand in oil......................o 34
Table 5 — Intermittent duty test cycle data...........coooiiii i 34
Table 6 — Minimum overload current withstand time (7y) in relation to overload current
=) (o T 0, TP PP 36
Table 7 — Minimum requirements for thermal stability test conditions ..................c.cooeiinni. 37
Table 8 — Minimum requirements for overload capability test conditions ..................ccoeinnii. 38
Table 9 — Minimum requirements and conditions for performance testing, including
blocking and commutating capability ........ ..o 39
Table 10 — Making and breaking capacity test — Making and breaking conditions
according to utilization categories for the mechanical switching device of hybrid
semiconductor controller and contactor H4, HS ... 40
Table 11 — Conventional operational performance — Making and breaking conditions
according to utilization categories for the mechanical switching device of hybrid
controllers and contactors HAB, HBB ... 41
Table 12 — Specific performance criteria when EM disturbances are present ........................ 44



AS/NZS IEC 60947.4.3:2015 6

Page
Table 13 — Thermal stability test specifications ..., 51
Table 14 — Initial case temperature requiremMents..........cooiiiiiii i 52
Table 15 — Terminal disturbance voltage limits for conducted radiofrequency emission......... 59
Table 16 — Radiated emissions test lIMits ... 59

Table A.1 — Main circuit terminal Markings.........ooouiiiiii e 62



AS/NZS IEC 60947.4.3:2015 7

INTRODUCTION

This part of IEC 60947 covers low-voltage a.c. semiconductor controllers and contactors
(solid-state contactors) intended for the use with non-motor loads. As controllers, they have
many capabilities beyond the simple switching on and off of non-motor loads. As contactors,
they perform the same functions as mechanical contactors, but utilize one or more
semiconductor switching devices in their main poles.

The devices may be single-pole or multi-pole (see 2.3.1 of IEC 60947-1:2007,). This standard
refers to complete devices rated as a unit incorporating all necessary heat-sinking material
and terminals. It includes devices with all necessary terminals, which are supplied with or
without heat-sink in knocked-down form for combination by the users, when the manufacturer
gives with the device detailed information about choosing the heat-sink and mounting the
device on the heat-sink.

The generic term, "controller", is used in this standard wherever the unique features of the
power semiconductor switching elements are the most significant points of interest. The
generic term "contactor" is used in this standard wherever the feature of simple switching on
and off is the most significant point of interest. Specific designations (for example, form 4,
form HxB, etc.) are used wherever the unique features of various configurations comprise
significant points of interest.
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AUSTRALIAN/NEW ZEALAND STANDARD

Low-voltage switchgear and controlgear

Part 4.3:
Contactors and motor-starters—AC semiconductor controllers and
contactors for non-motor loads

1 Scope

This part of IEC 60947 applies to a.c. semiconductor non-motor load controllers and
contactors intended for performing electrical operations by changing the state of a.c. electric
circuits between the ON-state and the OFF-state. Typical applications are classified by
utilization categories given in Table 2.

As controllers, they may be used to reduce the amplitude of the r.m.s. a.c. voltage on the load
terminals from that of the applied voltage — either continuously or for a specified period of
time. The half-wave period of the a.c. wave form remains unchanged from that of the applied
voltage.

They may include a series mechanical switching device and are intended to be connected to
circuits, the rated voltage of which does not exceed 1 000 V a.c.

This standard characterizes controllers and contactors for use with or without bypass
switching devices.

The semiconductor controllers and contactors dealt with in this standard are not normally
intended to interrupt short-circuit currents. Therefore, suitable short-circuit protection (see
8.2.5) should form part of the installation but not necessarily of the controller itself.

In this context, this standard gives requirements for semiconductor controllers and contactors
associated with separate short-circuit protective devices.

This standard does not apply to:

— operation of a.c. and d.c. motors;
— low-voltage a.c. semiconductor motor controllers and starters covered by IEC 60947-4-2;
— electronic a.c. power controllers covered by the IEC 60146 series;

— all-or-nothing solid-state relays.

Contactors and control-circuit devices used in semiconductor controllers and contactors
should comply with the requirements of their relevant product standard. Where mechanical
switching devices are used, they should meet the requirements of their own IEC product
standard and the additional requirements of this standard.

The object of this standard is to state

a) the characteristics of semiconductor controllers and contactors and associated equipment;

b) the conditions with which semiconductor controllers and contactors should comply with
reference to:

— their operation and behaviour;
— their dielectric properties;

— the degrees of protection provided by their enclosures, where applicable;
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